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(54) GRADATION DISPLAY CONTROLLER 



(57)Abstract: 

PROBLEM TO BE SOLVED: To relieve picture quality 
disturbance in a dot pattern shape of a specific color 
when gradations that can not be displayed originally 
are artificially displayed by variation in spatial density 
of gradations to be displayed by lowering the 
saturation of a part which is extremely low in the 
luminance of an image and then making an artificial 
gradation display. 

SOLUTION: An artificial gradation generating circuit 
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100 consists of a low- luminance achromatic image 
forming circuit 1 which makes the low-luminance part 
of an image achromatic and error diffusing circuits 2- 
4 which are provided individually by G, B t and R 
signals. Then the G, B, and R signals are inputted and 
the low luminance part of the image is made 
achromatic; and then error- diffused G\ B\ and R' 
signals are generated and supplied to an image display 
device. Namely, the artificial gradation display is made 

after the saturation of the part of the image where the luminance is extremely low is 
decreased. The error diffusing circuits 2-4 vary the spatial density of gradations to be 
displayed according to errors between lightness gradations that can be displayed by the 
image display device. 
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mmztiTP' =2n+2t^So man^r' *a 
M^s^bfe^cDiii«40 7^^-ro m(Do<Dmm& 

P* = 2 n+ 2 h&SlfflJflT*fc!K f^ilCDH^(4P , =2 

(£>38H£^bTl>So 04HS*:, ^»rt"C-ii¥i9Wt: 

[0 0 3 3] hCST% ABloaJ«E«Pttk:*»5Weber- 
Fechner ®?£MUtC .tJxtt. 2 oGDftcDWS 3 4*5E^» 

So 8 7C*^ «£«2n= 1 2 8-CSfttf (2n 
+ 2) /2n= 6 5/6 4tfe^ l/^;vB©Jt#/h* 

ocDT-, H7<3Dia**a«-rsAPJt:tt-«*iB*©^ 

^^AStt^frt^bbTt^ctotiBuenS. bA>b 
H&Ofg^T*&;:£>it#A# <£So «*«2 
n=2*C*iltt (2n+2) / 2 n = 2 ^H^CD^ > 
h5^H±2f&fc&D, H7<Z>lilfettt>l4'^-« 3 &Iffl* 

©flt«"ettBI7CE)«fc-5ft Hv/ 

TbSv>. febSliRttS^bT^b^tiSCi:* 5 ^^ 
0, 2n+l = lt?»!K b^t^CD l(Dlx^;i/ASGfi 

[0 0 3 4] 0 lCDtHlB^CTiib-C, HSO^gB 

^T-B, Rfi^(4-tfo, Gffl*«*H5t*lr^Tn=0tf 
fcSH&^A^ft&^CO^-f So A*H«»4 
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G (B) f§^©#eH&T% *oGlftx>0, y> 
0T-©#u^;i/# 1 i:^5#^K^B&T*fe£o c© 

2>o CC«^l:*l«H l©&SB©«^<fi*;R#>£o c 
©at. 0 l©®K©&gm0 3©@Bhl^«£-f^T 

Y = K G x 1 +K B x 0 + Kg x 0 
a=3/4x (1/8) =1/1 
O" =1/16x1+ (1-1/ 
=1/16+1 1/1 6= 1 
B" =R" =1/16x0 + (1 
=11/16 

tttZo Hl©BBTftt. SC(10), (ll)GD<g#KMffifa 
[3188 2, 3, 4IC^A*^n^o H3©ElB<Z>A*<i 
^<fiP©^#it(10K (ll)©fg£gfc>o*:&©*:LT, 
0 6 fcH»fc:ia3<3DlalH©»ff*tmt"rS4:. G" {§*f 
CowCttB8i:fc!K B" G" ffto^ttt 

0 9hfc£ o 08i©iBi£li0 6 i:HST-$l>o 
[0 0 3 5] H7i:lRl«tC. 08. 0 9 ^ftSU 
^■flfcSH^'TSiiBI 1 0©<fcofc&a* 0©®f*G, 
B, R©-r-^T©fi#l"*;i/2. *f&fc>t>G' =B' = 
R' =2T-ft?£LX^Z>ffimX-$>t), mmicoi*G<D& 
AfctB, R©2e#l^;i/2^«#LTUSB*T- 

YD = 0. 7 0 1 G' +0. 0 8 
t J: t) SBl©a^ S tlT Y D 4 if-**- 3 h , 

@ : YD = 0. 7 0 1x2 + 0. 

O : YD= 0. 701x2 = 1. 

A : YD = 0 . 087x2 + 0. 
tftZo H7©B«ttO©HI*©*t«t^T«|j58*nT 
v^. c*ifc»bTHl 0©B&fifflJK©PgH§#2. * 
0, 1. 4, 0. 6©3fi»^*F**UT:fc!K 43£A 
©B*t:«k t)#»©Bfil£ UTfcJWS©*^* 5 ^;* 
*VC^5. 01 OKfc^TttfifiDMftSO^A 

©BJR#£B«£J;<«DD£oT^3- ABB©4R#*S 

*Kfcre»©8s»eB*#««*tu HTOcta^© 

#fffflW£^©T% *^Hfi©ff5jB©J:'5t:»jK©*» 
£f£^H&SP#©^S£fgT£^T*. B&£Ji.fci:£ 
©^S&fflttKfcA/^&^o :n^©Ifi^^ 01© 
HBC-ktK »IStt»(HlB*#atf«v^fcfc*©Bfltt 

a^*na»^w«cBH*ac#-r5c 



1/1 6 £T-©«gfit«£#^>*>©i:*r-£o Sfe. 02 
<D^7*— *YthBU Yth=8h-T5o S£^T. 02© 
«ftt*eY<87?lia = Y/8tft5. buj£©0 1 ©@ 
Ba>ttfE*>6* K 0 , K B , K R £5£(2) ©(tthLfch 
x>0, y>0£:fcVM:, 
» 31 



= 3/4 
6 

1 6) x 3/4 
2/1 6 

-1/16) x 3/4 



•»(8) 



-(9) 
•••(10) 
-(11) 



R' = 0©BJR-C»5. »SiS»[§lB©*fc<fcaas<B 

^©0 7hx Bi©*Jfi©«fflicisa*B*©iai o 

[0 0 3 6] 01 OO^-^tflifttK^ 
fii:LT, *B*O»**tt»fSi:JMT(0«fc5fc«: 

[R4] 

7B' +0. 2 1 2 R* -(12) 

087x2+0. 212x2=2. 0 
4 

212x2 = 0.6 

[0 0 3 7] <fl&©HJfi©JBffi>«fc. 0 1 1 73rM0 1 

t±. *I§E?3*, mji£U£04 (b) ^^T<fc3^1B^ 

s^g, b, Rft^©or*i**is#-r sbsreju** 

[003 8] 01 Hi, frfr *B*EM**f?"S»&fc: 
*5lt^A^©G, B, R«^*&«S**ilfc^&*[aB 

[0 0 3 9] 0^©£?£. CCDEBtt. »<6lBI8f^JBS 
@B100i:, B^F^?I§[h]B3 3 «*<£tB3 4 h 
fr&JSUS. A^^WG, B, RS^ttftttnaffrftlal 
Bl 0 0tJ:ota*8B3 4 7?a^?WS6«cG , , 

b' , r* fi^^^^^ti^o z<DmusLmm^&mai 

0 OiiLTMl^SlKtf^^SS^fflttSo 

[0040] Kttmiif&ftiaB 1 oo*&tH**ft* 

G' , B* , R' fB^H;3efc*£B*#©B*»*# 
oTOS©T% 04 (b) ©BfgBB^JKlSS^-t S <k v £ 
B3lliS3l£IIIB3 3 iCi^TS^SF^Kffll^fi 1 ? 
ft£ 0 C1©B^P^5I#(e1B3 3liffl^a>iMlllfc*-f 5 > 
ycj«i:&7v^*tJ:D*a«»t?**. ^©ftf£f*i 
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[0 0 4 1 ] 04 (b) izTntmmsiwt. ^.¥2m 
m. mm2mm(o4mm. Tut>*>m<DG 1 , G2, 

B, RB^^lfflfcbt, -e©IS!);gblC«fc!)#tJ5&£*V 
Gl, G2tt€sfcfc|H|UG OS) ©feCfflfStT-ifc 

1 lCDiBM^§l#I118S3 Cfte>©4B!5ii# 1& 

hL-c^§i*»nta^^ns. ia^H5itiHiss3 3®tB 

^T-feSG, B, Rftf £A*/©G, B, Rflf £E#J 
t5t»Gl' , G2' , BB' , R R ' flfi:ii?.£<> 

cne>^«B3 4 ta^tu -e©££it^;**vSo 

[0 04 2] g^B 3 4 £p]B$C A^StvS G 1 ' , 
G2' , BB' , RR' fif ©B^T-WEB©^** 
011 ft£±lcm-T o G 1 ' , G 2 ' , B 

b' , rr' m^cD&mmit lH^fc^o 1 ^ 

iif|©»<&(PBSBf£j£II]B& 1 0 OUtf^oy^jaSiSf s© 

~>-^;HH]8S-cjim^ix5frn«> h§i#hs&3 3 

f s/4t-ilt!3. 

[0043] ju±©0 i KDm&Lzm&mfeowij&frb 

[0 0 4 4] JEttFBHfftSSIB 1 0 0T-3feh*)^:iii^ 

^■©^p^fiKsas^ff ^TV">££*Wfc>£t\ mm 
n§istiiB3 3T-iBiii#iSii*>ft3fc«K ©a^m©i 
/3©ifflj?tLiP*l^£t±^£*vta'>o ^tll 1© 
[HlSS«J5gtt[Hl8&««Wt5!) i *t)7!:R-efcSo c©7tgtt 

[0 0 4 5] 0 1 2 ©^IfiEli, XA?ll5G, B, Rf§ 
f£*t UTBifiiP^lt£fi : -5iIiMifi§5ltlH]B§3 3 {£ 
»«JI»fiftHR3 5 , 61,62 gIMffigClIlES 3 6, B^ 
H&f&EB 3 7 , is «fc V R ttSttftSIB 3 8 
«HlifpJE«iaBl 0 1 k*>e>fi8o-r*jD % G, B, Rfl 
H5K»bT*-rH*IB§l**fTor*6»«lB»fPJ««l 
3S*ffV\ *©*£!& T- <& 3G 1 ' , G2' , BB' , R 
R ' if 4if^i3 4Ca^t5<t5Cbt^5. C 

1* , G2' , BB* , RR' If ©Bffi±T-©BEB 
(i, 0>U«01 1 4:B«T?fc*. 
[0 0 4 6] C©££, K£ffilRls]B3 6, 3 7, 3 8 

U£©BMi©^T-fTtoft£<J*g#&3,> ffiot, Bffl© 
ga^te»EBS3 7, RJB©£Mffif8t|5]fiS3 8fcT3Vvt 
14, fliftko. k, , k 2 , k 3 £gyt£*b£BMlA s 
JMKMUft? e£*fLTBffl±T-01 3 (b) ©&BH 
^h^SCiiTbSi^gT-feSo Z<D£ot£\Eim*. i3C 
JJViT li'P'^f-fU'f 2 3, 25, 26, ( 1 



13 (b) fc£toHi^£Mf -Seitt-SSSiT-ta. G 
1, G 2ffl©3Ulttftl°]l&3 6£-rH>T<±x % 
Kk a , k,, k z , ksftftUgCJB&SBIXfisXlttll 

Hflf e£*tb-CBffi±T-0 1 3 (a) ©<£BWfl*i:% 

scfcMSt-ss. c©«*iub8«s mm. 03© 

@B*G1, G2fflC 1 ifi-r^)i9:(t, «H8tki , k 2 , 
k 3 £*L>SiIi3ii#0 1 3 (a) ©{£BW&i:&£<fc-3 
Gl, G2©(HlBS?:tBStgl^t" *i«*ST?g 

W S*fe©%«ftk, , k 2 , k 3 SiDtGliI 

camtu Gicoiiife' tascf*-! u-r 

©t>«»k, , k z , k 3 £*bTG2BMt£i(ra»-r ' 
5. -e©flfe©l&f^F«3Stt0 3 i:±<P«T**!3x £fc» 

ft{M9fcEI»»J«tt*l*©HfcCJ6fcfc«9 ©#*** 

[0 0 4 7] ST. ^Mffi&lH]B&3 6, 3 7, 3 8 ©lb 
fm*#WCtt0 3©igB&i;Pltrt?*>afc»> B&©8£ 

feS (fc£U B&©fe£ £ 00 1 3 (a) , (b) © 
flURffiBfcJfcfcT, 0 7©^* — >flS£H$jCj£#oT 
ft**) . ftoT» Hl©BIISfcH«t:, Hifh^j'- 
>{c£3BBtt$*j8il*Sfc«>£Ji> 012fflMtJ5 
^TfcffifP*Slt3&efl3llH»3 5#*»T?»*. 

[0048] mmg.m&&<t®& 3 5 » 0 1 2 l 
fcffi)WJK«3^fe{bti]es3 5 t^xin-mtefiitwm&mfS. 
#1*0 1 4tc^-r<. 

[0 0 4 9] £©HC^rfi»**H&ftflSlH]tt3 5 It, 
2o(OK,MS4 1, 4 2 K, &8fcgi4 3 i:, K 
,iH[§S4 4t, 4offli!3P^§§4 5, 4 6, 4 7, 4 8 
i:, l/2«»»4 9i: % G 1" If ASSESS 5 0 
G 2 " {§f £fiK[SB& 51t, B B " *§f £j#ls]fi& 5 2 
i:, RR" «^«0B5 3k*flt*T^S. C©<&*? 
SSR^fe-fblllKS 5©A^J^ftt. 0 1 2©Bi^Hglt 
iR3 3©UJA-CftSGl, G2, BB, RRift* 
G lfif (iK s ^iS^4 1#£VG 1" flf 4J5E[Hl 
g§5 0, G 2l8^y:K l fl(RS4 2*iVG 2" «f S 
fiSQBS5 1x BBf§fl±K,«!&f&4 3*5«fclfBB" A 
9*J«lel»5 2, RRif (4K E 0U£i§4 4*5<tVR 

r" fif ifSd]s§5 3c^en-enA^^tv5o 

K B , K b , K r ©(I{4, 0UttSt(2) ©«i:|5|-T-«fc 

K,«*84 3kK,«»84 4©ffi*ttiP»»4 
5fftDm$ns. tP»»4 5©Ul*tt. iD*iS4 6, 4 
7tHV'»T*'*Ke«jR»4 1, 4 2 ©ffi* fc*n**l 
JbD^^tlS. InllS 4 6©HJ2»l*Y l<lf fcUTG 1" 
flf £f£(HBg5 OtcA^jSnSo flP@8 4 7©tB^J«iY 
2Mf i:bTG2" fif*fiK(Hl8S5 ltcX^^n*. S 
fc, iD^^4 6, 4 7©m^lillP^84 8X-MW.£tl. 
-fflAP»g§4 8©di^H4 l/2^»g§4 9t*>v>-r^» 
l/2#3fil;6ft£o JJD»84 9©ta^(4Y3gf tl 
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tBB" f§^£f£ls]B& 5 2, R R" fHf£/£lH]BS 5 3 »C 
X*^n5o Gl" 1^4»5 0, G2"ifM 
[1B&5 1, BB" {§^£#11)18 5 2, RR" fl^fiS® 
855 SJiS^UTWiSKJ; 9, 0 1 4©[a]8&©tti2;T?& 
3G 1" , G2° , BB" , RR" fI*i*£fiK LtB^J-T 
3. 

[0 0 5 0] 
U&5] 

Gl"=alxGl + (l-ol) Yl -(13) 
G2" =«2xG2 + (l-«2) Y2 -(14) 
BB" = o3xBB+ ( 1 — a 3 ) Y3 -(15) 
RR" =a 3 x RR+ ( 1 -a 3) Y3 —(16) 
(UBS 5 0~5 3ii0 1©Ih)B&9~ 1 6 i:l§Hi£ LTg^ 
CiST-IS. Mai, a 2, a3fflt(i^Yl, 
Y2, Y3©H*»e>i*^£*V5#* SlC^kBtti: 
02fflgi&8t££*Jffl-t-t3. ^©[HKT-Ji, 04 
(b) COGlBIt-entKSLfcB, R 6BJR 
5M»«^<Sfr£*ft6£Jf&fcfcff£Y 1 4. G21S 
h-eft£»ffiL£B, Rif (Y 1 JC/SV>fc©i:£jI© 

b, r) t^-rsB^fi^fiJtp^-etu^KijSufcffjK 

Y 2 4, WKY 1 fcffSY 2 ffl^fiti: LTfiWKY 3 4 
SfEtBU *il,e>©(i£J:!)ttS;b{§^G 1" , G2" , B 
B" , RR" ©f!£f&Je&Pb-tV>3. 
[0 0 5 1 ] Ztibm 1 4©H]S§ffl§*«B£I!)#-$ , iIiKl$ 
^SJ±, HlOlilB©»^kPI«T?»4©T?RWH:S* 

«» a^*«#H4 (b) ©<fc-5£IIifii*S£G, B, R 

©i>-rn**ss3fc-raiffl3RE9"J©a^'tix aioiussi: 

l/2**V>tel/4©*n<y*J3i8»© 

So 

[0 0 5 2] JU±. *«Wtt±iELfeSISil©}BSSJBl^© 

0MKK 6 , K„, Kj, k, , k, , k 2 , k 3 ^ 

©S-(e(iflb©<iT-*) J:o. Sfc, Yif*>?)i»al^ 
£$H*£13tt*02icjj*ufc*»©fc[B5£3*vS\ Ylf 

©fI£#LT^a©fI##i§tiiH]LTO*Uf.i<, #J 

*J^TttY ifll^i:Y2fi^J:*Jn»u-CY3fi^t» 
TV>S#, 2o©K G «*»4 1 i:4 2ffltfi*SaoJ|E 

L, -f© 1/2 Cijng§t4 5©dUj£ijnmL-T<&«fcV'>o 
Sfe, 01 l©^±tC^UfcG 1 * , G2* , BB' , 
RR* ©&EBS&*CfttcPB^£ft£fc©T-ttfc<. U 

K c *j o t pi m fc ma $ n a 4 © ft ^ £ a ^ -f * ib $ 

ASffiiatfJfcBJ&UT^ftK, 11 1-^01 2. 014© 

[0053] sat, ^ffiScsastcov^-rt), 03 

©(H]8S J ? :> *?ST-SimU-Ct.«fc^o gllCll 
i£ft[SS§2, 3,4. ^3^1/0 1 2 ©gUitefgUslSS 3 



6, 37, 3 8tc^T, ^sw*a^fea*s:flj^Hi- 
ac:i:ici»)jgftia«j%fig^4^^5flfe©*^ 09*« 

tej mm z &<t z -e- * * a? i: # is ft ffifi * *fc * * s * & 

©ig^-Wtc^S^fflv^-t * J: v>. 
[0 0 5 4] 

[«W©«jS3 m±i54WUfcJ:3tc^*JS©«Wt:J: 
ittf, S^t&fcl85£©raSSSjm®l$4>fc^IIi&a 

**Bt*^r» iaiawiKfi^^tffi^sp^©^*. 

BTS*T*6, ^WP&Ha^^ff 5«ko£bTV>3 

©T-. SftiWPgiSa^tt^*fflVNfc^tiii^©©SP-r- 
[0ffl©tS#^UiWl 

[0 1 ] *&wizmzmfflmmfflw$iw<n2.mmi8.&ft 

[02] mi<D&&mmftf&\B\®icmmtzft&(!)~m 

[03] ^Mffiii[HiK©-«»i4^-r«fie0-p*5<» 
[0 4] myr^m.(ommm9i](D-m^-rmmmr-$) 

5. 

[0 5] 01, 2©[5]8Sffli&^*ittW1-s*:«)©Iii^© 

-w*^-ruiW0T-$)S. 

[06] K^&fR[3S§©I&#m^faW0T-ifc3o 

[07] 06 frzmbtizmtimm'' ^mm\zm.^v 

[0 8] ^fi£^[llK©l&#0>J*^-riJiW0t*So 

[09] m£&WL®&(ow>ttm*^-reitw®-c$>z>° 
[010] 08, 09 fr^^nsai^fi^p' £B® 
tca^ u fci§^©!i&£ ^-rittW0-e* 3 o 

[011] #&WC«3PtSa^fflffl§Sg©flfe©StaE© 

[012] *«wc«anwia3p«i»«B©*6tflho 

*SS© ffclS £ ^ f«Jf£ 0 T- $> 3 o 
[013] 012 ®[5]K©itl^e i J*^t-ittW0-C-*3o 
[014] *«B^©(5)lfS«^e[lKfflflfe©^5S©JK«i 

I, 35 i&mmmM&ib®® 

2,3,4 ^M&f&lslK 

5 K a mwm 

6 K B jgSli§ 

7 Kg fflllti 

8, 14, 15, 16, 21, 31, 45, 46, 4 

7,48 tams 

9 cr#e£8S 

10 i-amum 

II, 12, 13 a*»g§ 
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2 2 Wbft$m 

2 3, 2 5, 2 6 1 truvbTA U-T 
24 r-fl/'f 
27, 28, 29, 30 

33 mmmz\%®38 

3 4 at^gg 

3 6 G1,G2 fa^fi£«[IlB& 
3 7 Bgi^ffifaESS 
3 8 RSH£ffi«tH]B& 



4 1,42 K c 

4 3 K B 

4 4 K H &»8§ 

4 9 \/2<m.m 

5 0 G 1" fl*f £j£@B& 
5 1 G2" {I^jfSHK 
5 2 BB" m^£fi£ElB& 
5 3 RR" {§^£fi£H)B& 

ioo, ioi &®.mmfti&®& 
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